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THE TAY BRIDGE. 
THE Tay Bridge near Dundee, Scotland, is the longest 

structure of its kind spanning a running stream. It is nearly 
two miles in length, or 10,321 feet, and its construction has 
involved the highest engineering and mechanical skill. The 
following particulars relating to the construction are given 
by E. Gilkes, C.E., in a recent number of Engineering: 

Let us consider some of the most novel appliances and ex 
pedients which have been developed and brought to bear 
in its construction. The earliest of these was the sand pump, 
the production of which is chiefly due to Mr. Reeves and 
Mr. Beattie, members of the staff engaged on the bridge. 
These pumps draw the sand through the center of the cais
sons with great rapidity and ease, the caissons sinking by 
their own wei�ht as the sand is removed. The process may 
thus be descnbed: Upon a barge or lighter four cylindrical 

40 ft. high and 31 ft. in diameter, the lower 20 ft., being 
lined with bricks, waits until the tide serves for the opera
tion, and then is floated out to the spot where it is to be 
placed as the foundation rock of one of the piers of the 
bridge. 

The floating out is an operation in which tide, time, and 
weather have all to be cons1dered, and consulted, and waited 
for; but, supposing all these to be in accord, two large pon
toons or barges, on which a strong framework of girders is 
placed, come alongside the caisson, the framework of girders 
having been previously lowered around the structure, as 
the water provided the power and opportunity. On the 
corners of these girders are fixed powerful hydraulic rams, 
and from these, levers take hold of the caisson at four points 
by T-irons, which are riveted to it, the webs being perforated 
with holes 272' in. in diameter, and 12 in. center and center. 
As the tide rises, the pontoons lifting the whole combined 
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wrought-iron receivers are fixed, each about 5 ft. in diameter. 
to wbich are connected air pumps for exhausting, and the 
engines required to work them. The bottom of each receiver 
is fitted with a trap-door opening outwards over a hopper, 
and to the top is attached a flexible tube, wh ich extends over 
the side and to the bottom of tbe hollow pier or caisson. As 
soon as tbe caisson is sunk to the bed of the river, this barge 
is placed alongside it, and the flexible hose being directed 
by divers, who at once go down inside the pier, the receivers 
are exhausted by the air pumps, and tbe sand and water 
rushes up the tubes to fill the vacuum. As soon as one re
ceiver is full, the turn of a handle opens another, and the 
same process is repeated, the air pumps never ceasing. A 
small air trap destroys the vacuum in the cbarged vessel, and 
the fall of the trap-door liberates tne sand, which falls into 
the river again, but outlfide the pier instead of inside. By the 
adoption of four receivers constant working is secured, and 
the rate of sinking is very rapid. 

These sand pumps were used in the early his tory of the 
bridge, and their efficiency proved. 'l'heybave been enlarged 
and applied with great success in sinking the lar�e 31 feet 
caissons which form the foundations for the pJers of tbe 
large spans. It will be readily seen that the combination 
just described is applicable to all excavations in soft material, 
giving a facility hitberto unattained. 

Tbe general dimensions of tbe sand pumps are: Diameter 
of cylinder, 7 in.; stroke, 12 in. ; diameter of air cylinder, 12 
in.; stroke, 12 in.; steam, 50 Ihs. 

Each tank holds 60 cubic feet, and it takes from one to 
three minutes to fill one tank, according to tbe deptb. 

Forty-four cubic yards per hour can be taken out witb a 
sand barge of tbe foregoing dimensions witb four receivers. 
The process is patented by its designers, and is just now 
being adopted on a bold scale, to transfer the sand from 
the bed of tbe Tay to tbe inside of tbe wall of the Espla
nade; and tbus it is proposed to fill up tbe large inclosed 
area. 

Tbe extension of the size of the caissons to 31 ft. in di
ameter was not a difficult matter, and naturally suggested 
itself as the means to secure enlarged base, witb the needful 
solidity and strength; but tbe building, floating, and sinking 
of tbese large caissons was a matter of no ordinary difficulty, 
and required tbe most careful calculation, and special ma
chinery of an original, althougb simple, cbaracter. 

arrangement, the caisson hangs suspended by the four levers 
pinned to the T-irons by steel pins, which are carried by the 
four hydraulic rams, which in their turn are attached to, 
and stand upon, the corners of the framework of the girders, 
which are borne up by the pontoons. So the whole fabric 
rises with the tide, and at high water is towed out to the 
position which the caisson has to occupy as part of tbe 
bridge. Here it is anchored, above the line which it must 
ultimately take. Then at ebb tide the hawsers are slacked, 
and the caisson is fioated down to its exact place on the 
center line of the bridge. Meantime ihe lowering process 
has commenced. The levers, which held the caisson in sus
pension, have been alternately raised and lowered by the 
hydraulic rams; and, by an arrangement of steel pins, the 
caisson, caught hy the levers at their highest elevation, is 

placed as integral parts of tbe great whole, which will, when 
finished, be the Tay Bridge. So soon as the caisson is in 
position, it becomes needful to ,Protect it from tbe scour of 
the water. This is done by qmckly depositing rubble round 
its base. Immediately the sand barges befme mentioned are 
brought alongside, and divers go down into tbe center, and 
slowly and steadily the huge hollow castle sinks into the 
ground as its foundation is sucked from beneath it. This 
done, the caisson sinks down to tbe required depth, the 
center is filled with cement concrete, wllen we have a large 
and artificial rock on which we proceed to build tbe pier. 

Here, again, new applications of old ideas bave been intro
duced into the practice at the Tay Bridge. The piers wbich 
rise from the bed of the river to bigh-water line are of a 
hexagonal shape, 27 ft. long and 16 ft. broad, tbe length of 
course lining with the current of the river. Tbe center of 
tbe brickwork is left hollow in building it. Tbis is done on 
shore to a height of about 20 ft. to 22 ft., which is sufficient 
to reach from the top of the caisson or tbe bed of the river 
to the low-water line. After due time bein� allowed for the 
pier thus built to set ond become solid, 1t is framed with 
suspension girders in a similar manner to that adopted with 
the caisson, suspended by levers with bydraulic rams, lifted 
by barges and tidal action, towed out, anchored, centered, 
and lowered, and thus at one leap the pier rises from the 
river bed to low-water line. The center of this block oi 
brickwork is then filled with cement concrete, and the whole 
mass becomes one solid stone. 

The erection of the brick pier from low-water line to high
water line is, of course, a succession of tidal operations. So 
soon as the top of tbe pier is bare, barges are surrounding it, 
and busy hands are laying bricks in cement, being supplied 
with every material, and all manual and mechanical aid that 
can enable tbem to produce tbe utmost actual finisbed work 
in the tide; and thus the pier is grown, tide by tide, until it 
crops above the high-water line, and, wben capped witb 
stone, is ready to receive tbe superstructure of compound 
cast and wrought iron pier, which is to be placed upon it, 
and upon which tbe girders have to find their rest. 

We come now to another application of mecbanical forces, 
and another use of natural forces, in the placing and raising 
of the large girders. And be re we may note tbat the pro
cesses, described as used for the 245 ft. spans, are equally 
applicable to the smaller spans, and have been, according to 
their requirements, used for tbem. 

The girders are all made in detail and put together at 
Middlesbrough, then shipped to the Tay and unloaded at 
the wharf, which is on tbe Fife side of the river. Here there 
is a considerable cluster of workshops, foundries, etc., to
getber with the needful offices for carrying on such a work 
(on which at the present time from 500 to 600 men are en
gaged), and here the girders are reconstructed on a platform 
over the water. In passing, we may notice tbat a Roots' 
blower is used to supply tbe blast to tbe rivet fires, and 
these are portable, and made of very easy application by the 
conveyance of the blast to them through large tubes of india 
rubber. 

The girder when built, or, let us say, one entire 245 feet 
span. consisting of the two main girders, the cross-bearing 
girders (wh ich, in these large spans, are of wrought ironl, 
and the tie girders overhead, weighs upwards of 200 tons. 
When it is com plete and ready f or transference, two pieces 
of tbe platform are removed, and pontoons floated into their 
places. As the tide rises, the whole structure. a complete 
span, is lifted up unti! it is clear of the platform. At high 
water it is towed out, and, with the same precaution as to 
anchorage, placing, etc., it is left by the pontoons, which 
go witb the receding tide, on the tops of the piers, ready 
for being elevated to the upper level of the bridge. The 
operation of floating out occupies thre€-quarters of an bour 
when the weather is fair and the surrounding circumstances 
propitious. 

The raising of these spans, simultaneously witb the erec
tion of the piers, again called out a rat her novel application 
of the hydraulic ram. The j)rocess is this : Four columns 
and the1r bracings are fixed in their positions on each pi er. 
These are followed by a second tier of four, also braced and 
tied together. To the upper set of columns wrought iron 
cross girders of great strength are attached, and on tbese 
hy-draulic rams are fixed, with wbich tbe combined span of 
glrders is slowly raiEed up, much in the same manner, and 
with the same precantion of lifting and holding pins, as 
adopted in lowcring the caissons. In this way the span, 

Let us begin to make, and float out, and lower, and after
wards sink, a 31 ft. caisson. We first build on shore (but 
within high-water line) a caisson of wrought-iron plates tin. 
thick, and riveted together in the ordinary way, 31 ft. in 
diameter and about 20 ft. deep, making tbe lower course of 
plates a wedge, by duplicating them at an angle of 30 de�., 
tbe duplicate plates bemg on the inside and only about 18 m. 

deep. We thus have a cutting edge to that part of the cais
son wbich has to be sunk into the ground, and the same 
arrangement which provides this also produces a base for 
the brick lining 15 in. thick, which is put into this lower 
member of the caisson before it is floated out. A further 
length of 20 ft. of caisson is tben built on the portion already 
made. This is called the temporary caisson, the other the 
permanent caisson, because the latter has to be left in the 
ground, and the former, being joined by bolts, is liberated 
and used again for a similar purpose. This cylinder, then, 
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held by them until the ram bas lowered them 1 ft., when it 
is supported by other steel pins, whicb carry it until the 
levers are replaced, the weight again resumed by them, and 
again lowered by the depression of the hydraulic ram, which 
was raised to its full lift of 1 ft. in order to bring the lever 
again into position. Thus the caisson, weighing upwards of 
200 tons, is lowered with ease and safety, at the rate of about 
5 ft. per hour, and ultimately rests on the bed of the river. 
The last 12 in. or 18 in. are of course of the utmost impor
tance, so, before the caisson is finally lowered, its position is 
confirmed, both as to the center line of the bridge and its 
distance from the last pier, and thus, one by one, have these 
large masses of wrought iron and brickwork, which, as tbey 
cross the river, look like huge casHes, been successfully 
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weighing about 200 tons, is lifted up as the piers are built
the final lift being given from extra columns that overtop 
the whole structure of the pier. After the girders are at their 
greatest elevation, the cutwater columns are erected and 
braced to the others,:;md tbe whole pier is consolidated and 
completed, the girders being at the same time settled in their 
final position. The apparatus for lifting �irders, hydraulic 
rams, etc., is then removed to another p1er. This process 
has been successfully carried out in several of the spans 
already, and it is hoped tb at the same exemption from acci
dent or failure may continue. 

A consideration of the action of the wind on this bridge 
will dissipate the often advanced theory tbat at some period 
it will be blown over. The exposed surface of one large pier 
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is about 800 square feet, and, of the superstructure which building elose to the foundry engine and driven from it. 
depends upon it about 800 more, and, so giving 800 ft. for a They required about foul' horse power to work them. The 
train above, we have 2,400 ft.: 21 lbs. per square foot is tbe electric current so generated is conveyed through insulated 
force of a very strong gale, but it would take no less than wires to two of Serrin's lamps, which are fixed in sentry 
96 lbs. per square foot on the surface given to overturn the box es on the top of the bill overlooking the works. The 
pier. Even the most severe hurricane on record would equal lamps are of simple construction, the ligbt being produced 
only one-balf this resistant power. bYjaSSing tbe current tbrough carbon points, one positive 

We have now followed the caissons, the girders, and the an the other negative. The points are kept about 1< in. 
piers to completion. Let us look at a few of the accessories. apart, and become incandescent, burning slowly, but with 
In the whole work there is an extensive use of divers, and a most brilliant light. When the carbon points have burnt 
the most advanced appliances have beencalled into requisition. away so much that they are too far apart, the current of 
Each diver is furnished with a lamp, the flame of which is electricity ceases to pass, but is diverted from its course and 
supported by air which is admitted to it by a self -acting valve gives motion to some ingenious elockwork, which brings 
betwcen the lamp and the air inclosing case around the diver's 

I 
down the positive pole, and renews the connection, so tbat 

body. He is thus able to see his work helow the surface, the currcnt at once resumes its former course. The points 
and cau do much more work in loosening bolts, etc., than be rneet in the center of a parabolic reflector, and each of these 
could do in the dark. Again, it is dcsirable tbat there should Ilamps gives the light of 1,000 candles. Together they so 

50 to 60 feet. The material through which it is necessary to 
sink the foundations is from 4Oto 70 feet in depth, composed 
of silt, mud and sandyelay, free from large stones. 

The caisson for the east and west piers will be 100 feet long 
and 50 feet wide, allowing a pressure of 3'5 tons per square 
foot of base. The caisson for the two center piers will be 60 
feet wide and 100 feet long, allowing three tons pressure per 
square foot of base, with maximum load of pier and bridge. 

The caissons will be built of yellow pine and hemlock tim
beI', framed and bolted together, and dlvided into 40 compart
ments by foul' longitudinal and seven transverse partitlOns, 
three feet in thickness. Twelve of these compartments, 12 
feet sq.uare, are open at the bottom, and through these the 
matenal is to be excavated. The outer and center compart
ments are elosed at the bottom by timbel' buHt solid for a 
depth of 15 feet, and framed to form a wedge-shaped cutting 
edge at the base. The cross partitions only extend to a point 
four feet above the cutting edges. The elosed compartments 
resting on the cutting edges, which are shod with iron, carry 
the weight required to sink the caisson to place. 

All compartments are to be filled with concrete, after the 
caissons are sunk to place, up to a point 25 feet below the 
water line, where the cut 01' coursed masonry will commence. 
There will be required in each caisson about 1,200,000feet of 
pine and hemlock, 120 tons of iran, wrought and cast, and 
10 000 cubic yards of concrete. 

There is now under contract for delivery at Poughkeepsie 
4,000,000 feet (board measure) of pine and hemlock, 1,000,000 
of which is now delivered and 400,000framed and in caisson. 

The first caisson, designed for the first pier, will be 
floated to position by April, and will be ready to receive the 
masonry early in May. The second one will be put in posi
tion during the month of May, and the third and fourth im 
mediately thereafter. 

The American Bridge Company is one of the most enter
prising concerns. Their exhibits at the late Centennial were 
very sfriking. Among them was a model of the bridgewhich 
they are now constructing ac ross the Monongaliela River at 
Pittsburgh. It is a stiffened chain bridge with a center span 
of 800 feet, the first long span example of its kind. It is pro
portioned for a moving load of 1,600 pounds per lineal foot, 
and is expected to be finished very soon. There were also 
models of an iron pier as built for the bridges over the Mis
sour i River at Leavenworth, Kan., and Böonville, Mo., and 
of a stone pier sunk upon a wooden caisson by the pneu
matic process at various localities. This company is fully 
equipped for building pneumatic substructures, and have 
built such foundations all over the country with great and 
unvarying success. The address is The American Bridge 
Company, 310 La Salle street, Chicago, and 20 Nassau street, 
New York City. 

V ALU ABLE REFUSE. 
THE TAY BRIDGE.-MOVING THE CAISSONS. ON the recent closing up of the Smith & Rogers' silver

plating concern in New Haven, on its removal to Meriden, 
the fioor of the plating-room was taken ul?' burned, and the 
ashes analyzed, with the result of procurmg pure silver to 
the amount of $981. This result is not so strange as appears 
at first sight. The precious metals are capable of extreme 
volatilization under heat, becoming mere vapors, which may 
be condensed, resulting in the production of the metal in a 
pure form. But, even without heat, the particles of gold and 
silver are made so exceedingly fine in the processes of the 
manufacture of gold and silver goods, whether solid or 
plated, that no devices for saving the material abraded or 
thrown off in the various manipulations are entirely effec 
tua!. Even in the Government assay offices the soot depos
itedin the chimneys fram the melting of the crude meta I is 
valuable; and in most manufactories of artieles of gold 
and silver the proprietors do not allow the workmen 
to retain their work clothes wben worn out, but 
pay for them a price generally sufficient to pro cu re new 
garments-an old tattered vest belonging to a bench work
man sometimes being valued by his employers, -even when 
worn to rags, at $20.-H(J(rtJord (Uonn.) Time8. 

be easy communication with the diver, and this is now 
secured by a speaking tube attached to his heimet. The 
waves of sound impinge on a delicate diaphragm inside the 
heimet, and are thus conveyed to the diver's ear. His an
swers are spoken into the heimet, and reach the ears of thc 
upper listeners like the faint halloo of a man calling at a dis
tance in a thick fog. At a moderate depth, say 50 feet, a 
diver can continue under the water any length of time
food, etc., being the only necessities that need bring him to 
the surface. The usual length of a diver's dayis eight hours, 
during which he comes to the surface two or three times. 
The plant required for the work is varied and subject to 
much hardship. Foul' steamers are always in use, a large 
one to tow and do the heavy work, a steam yacht which 
tows the 'barges in and out, a small quick-running steamer to 
take the men out to their work at the different piers, and a 
steam wherry to keep the barges lying at the piers supplied 
with bricks, sand, and cement. Add to these barges of all 
sizes, and a fleet of small boats, and it will not be matter of 
wonder that a constant staff of boat builders is required for 

illuminate the yard and the surrounding district that work 
can proceed with nearly the same ease as in the daytime, 
and on a dark night you can read the time on a watch at 
nearly two miles distance. The best results are confidently 
expected from this comparatively new application of the 
clectric light. 

In conelusion, the writer would remark that he has in this 
narrative of the progress of this, the largest bridlJe in the 
world at present, sought only to �ive the most sal1ent and 
interesting particulars, and to glve these in as plain and 
simple a manner as possible. The work will undoubtedly 
be a great work when completed. It has many difficulties 
connected with it which are not common to bridge building, 
and these have been met as theyhave arisen by new schemes, 
or new applications of old ones. The success which has so 
far attended the undertaking is owing, in a large measure, to 
the cordial earnest working together of all-the engineer-in
chief, the resident engineer, and the actIVe staff. Each 
member of this group of co-workers has made it a matter 
personal to himself, and the Tay Bridge, when completed, 

THE NEW RAILWAY BRIDGE OVER THE HUDSON RIVER, AT POUGHKEEPSIE, N. Y. 

repairs. . The cement used is an important item in the cost, 
and also m the value of the work; the proportions are one of 
cement to one of sand, and the pure cement is tested with 
great care, the requirements of a quick setting and yet a 
very strong cement being not always found together. It 
is only fair to say that the cement manufactured bl Messrs. 
Martin Cohn & Co., of Newcastle, has proved Itself ad
mirably suited to the purpose, and equal to all the requirc
ments. 

The latest scientific appliance which has been adopted at 
this work is the electric light. In order to complete the 
bridge by the 1st of September, 1877 (which is the date to 
wbich the wishes of the company and the hopes of the con
tractors point), it became needf�l to adopt some mode' of 
lighting the yard when the girders are being put together 
so that during the dark evenmgs and nights of the coming 
winter the work could be proceeded with uninterruptedly. 
This result has been secured by the introduction of two of 
Gramme's electro-magnetic machines, which are fixed in a 

will be a great pxample of the strength of unity both I A NEW ELECTRIC DEVICE FOR REGULATING CLOCKS.
in itself and in those by whom it was designed and ' con-

I 
English journals describe a new and simple electric regu

structed. lator recently put on the eloc1{ at the Bankers' Clearing 
House in London. A quadrant of a circle is cut through the 
figure XII., the centre being above tbe quadrant. Through 

THE NEW RAILW A Y BRIDGE OVER THE HUDSON this project two studs, suspended from the centre of the 
RIVER, AT POUGHKEEPSIE, N. Y. cirele by two levers, which ordinarily hang wide apart, one 

at two minutes to and one at two minutes past the bour, 
OUR engraving illustrates the intended form and general both free of the minute hand, but so attached to the armature 

appearance of this great work, which is now in process of I of a!l el�ctro-magnet that they fall down sharply when con
construction by tbe American Bridge Company. nectlOn IS made, and me�t exactly at XII. . They are long 

The contract is for $3,050,000 cash, 01' $3,412,000 payable I enough to engage the mmute hand, and WIll do so every 
$1,000,000 in casb and the balance in bonds. hour. 

Soundings and borings have been made, the results showing 
that a good foundation can be had only by goiQg to the hard A LOCOMOTIVE engineer, who had just been discharged for 
gravel, overlying the bedrock, at a depth of about 100 feet some cause, gave vent to his spite by saying that it was 
for the west pier, and about 120 for the east pier. For the about time he left the company anrhOW, for the sake of his 
two center piers good foundations are obtained on hard com- life for "there was not hing left 0 the track but two streaks 
pact clay, at a depth of 80 feet. The depth of water is from of fust and the right of way." 

© 1877 SCIENTIFIC AMERICAN, INC, 


	scientificamerican04071877-1042supp_Page_1
	scientificamerican04071877-1042supp_Page_2

